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Identity 
HGNC (Hugo): MEIS1 
Location: 2p14 
Local order: MEIS1 is located between LINE1 
retrotransposable element (LOC729348) and the 
uncharacterized sequence LOC100507073. 
DNA/RNA 
Note 
MEIS1 (myeloid ecotropic viral insertion site 1) was 
identified in the mid-90's by Moskow and cols. 
(Moskow et al., 1995), as a viral integration site in 
murine myeloid leukemia cells.  
This gene encodes a transcription factor which belongs 
to the TALE-class (Three Amino-acid Loop Extension) 
of homeobox genes.  
TALE proteins are distinguished by the presence of 
three extra amino acids in the loop binding the first to 
the second alpha helix of the homeodomain (Holland et 
al., 2007).  
 
The MEIS1 gene has a length of 137360 base-pairs,  
and is constituted by 13 exons; there are four isoforms 
described to date that are produced by alternative 
splicing: the isoform Meis1a comprise all 13 exons a d 
the Meis1b isoform lacks exon number 12 (Steelman et 
al., 1997; Sitwala et al., 2008). Meis1c lacks 
nucleotides encoding 49 amino acids (Val-162 to Gln-
210), in murine embryos (Knoepfler et al., 1997).  
Furthermore, an isoform named Meis1d witch retains 
exon 12, but lacking exon number 8 has been described 
in murine colorectal cancer cells (Crist et al., 2011). 
Description 
The MEIS1 gene has a length of 137360 base-pairs, 
encodes a homeodomain-containing protein.  
The gene is located on 2p14. 
Transcription 
13 exons; mRNA linear (NM_002398.2) with 3198 bp. 
Pseudogene 
No pseudogenes have been identified. 
 
 
Linear diagram of MEIS1 gene with their 13 exons (green boxes). 
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MEIS1 locus is 2p14. The gene length is 137360 bp. In this region is located along with LOC729348, LOC100507073 and DNA 




The MEIS1 protein consists of 390 amino acids and has 
a molecular weight of 43016 Daltons. Its expression 
has been found in hematopoietic stem cells, in murine 
fetal liver and also in other embryonic and fetal tissues.  
During embryogenesis, MEIS1 is actively involved in 
vascular development and hematopoiesis and after 
birth, is present in the bone marrow (Hisa et al., 2004; 
Azcoitia et al., 2005).  
MEIS1 expression is a necessary requirement to 
maintain cells in an undifferentiated and proliferative 
stage (Calvo et al., 2001). 
Description 
390 amino acids. 43KDa. Presents homeodomain and 
MEIS1 recognizes the DNA binding sequence 
TGACAG (Shen et al., 1997). 
Expression 
MEIS1 is expressed physiologically in different tissues 
like bone marrow, hematopoietic stem cells, hindbrain, 
cerebellum, liver, pancreas islets, colon, smooth 
muscle, small intestine, eye, salivary gland, adrenal 
gland, endometrium, uterus, ovary, fetal lung, trachea 
and appendix.  
Additionally, MEIS1 is present in numerous cancers 
such as melanoma (Svingen and Tonissen, 2003), 
neuroblastoma (Geerts et al., 2005), pancreatic caner 
(Tomoeda et al., 2011), colorectal cancer (Crist et al., 
2011), breast cancer (Svingen and Tonissen, 2003), 
ovarian cancer (Crijns et al., 2007; Kelly et al., 2011), 
myeloid leukemia and lymphoblastic leukemia (Owens 
and Hawley, 2002).  
Cell lines IMR32, Jurkat and K562, also expresses 
MEIS1 (Jones et al., 2000; Spieker et al., 2001; 
Rosales-Aviña et al., 2011). 
Localisation 
Nuclear (Dintilhac et al., 2005; Royo et al., 2012). In 
some cancers may also be cytoplasmic (Crijns et al., 
2007). 
Function 
Hematopoiesis and hepatic development are blocked in 
knockout mice for MEIS1, causing the death of 
specimens due to bleeding and liver hypoplasia (Hisa et 
al., 2004; Azcoitia et al., 2005). MEIS1 is regulated by 
various transcription factors such as HOXA7, HOXA9, 
PREP1 and CREB1; the latter two are also regulated by 
HOXA9 (Afonja et al., 2000; Thorsteindottir et al., 
2001; Morgado et al., 2007; Hu et al., 2009). CREB 
proteins promote DNA binding of MEIS1 complexes 
and this collaboration could be favored by GSK3 
(glycogen synthase kinase 3) (Wang et al., 2010). 
Heterodimers of MEIS1 and PBX proteins (PBX1B or 
PBX2) activate platelet factor type 4 gene (PF4), 
demonstrating the involvement of MEIS1 in 
megakaryopoiesis (Okada et al., 2003). 
Pax6 protein form heterodimers with Meis1 or Meis2, 
influencing the development of ocular structures such 
as lens and retina in vertebrates (Zhang et al., 2002; 
Heine et al., 2008). In Danio rerio, Meis1 regulates eph 
and Smad1, participating in the polarity of the visual 
pathway (Erickson et al., 2010); moreover, Bessa and 
cols., demonstrated that Meis1 regulates cyclin D1 and
c-myc, both required for cell cycle (Bessa et al., 2008). 
Additionally, it has been described as a positive 
regulator of c-myb, a transcription factor with repssor 
functions (Dassé et al., 2012). The growth pattern of 
the zebrafish hindbrain is mediated through Pbx4; 
when this protein is suppressed in embryos, Meis1 
plays a "rescue" role continuing the cerebellum 
development (Waskiewicz et al., 2001). 
Dimeric complexes among MEIS1 and PBX1 
upregulates SOX3 by binding to promoter region; 
SOX3 is a transcription factor involved in the final 
stages of cell development in the cerebral cortex and 
pituitary gland (Mojsin and Stevanovic, 2009). 
In the embryonic pancreas, Pdx1 downregulates 
Meis1a, this depletion reduces significantly Keratin-19 
(Krt19) mRNA expression. Krt19 is expressed in 
pancreatic ductal cells (von Burstin et al., 2010). 
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Diagram of MEIS1 interactions with other proteins. MEIS1 can be regulated directly or indirectly by other transcription factors, like 
HOXA9, PREP1 or CREB1 (yellow colored). Factors suggested to be downstream of MEIS1 are mostly involved in proliferation and 
differentiation (light blue colored). 
 
At the reproductive level, MEIS1 contributes to the 
endometrium development during the proliferative 
phase of the menstrual cycle, in both mice and humans 
(Sarno et al., 2005; Xu et al., 2008); and is expressed in 
the nuclei of granulosa cells (Ota et al., 2008). 
Homology 
Homologs of MEIS1 protein are highly conserved in 
different species. 
Mus musculus: Meis1 (370 aminoacids) 
Danio rerio: Meis1 (388aa) 
Rattus norvegicus: Meis1 (390aa) 
Gallus gallus: Meis1 (390aa) 
Xenopus laevis: Meis1 (464aa) 
Bos taurus: Meis1 (390aa) 
Macaca mulatta: Meis1 (390aa) 
Pan troglodytes: Meis homeobox 1 (390aa) 
Drosophila melanogaster: homothorax isoform A 
(472aa), isoform B (471aa), isoform C (487aa), isoform 
d (457aa), isoform e (266aa), isoform f (266aa), 




High levels of MEIS1 in CD34+ hematopoietic cells 
are related with suppression of differentiation and 
promotion of proliferation (Abramovich et al., 2005).  
MEIS1 protein is overexpressed in bone marrow cells 
isolated from lymphoblastic and myeloid  
leukemia; this overexpression prevents the cell to 
respond to granulocyte-colony stimulating factor (G-
CSF), an inducer of terminal differentiation (Calvo et 
al., 2001).  
Further, MEIS1 accelerates the leukemic process in 
cells expressing HOXA7, HOXA9 or HOXB3 
(Thorsteindottir et al., 2001; Morgado et al., 2007; 
Wong et al., 2007). Additionally, MEIS1 unregulate 
FLT3 expression, promoting the formation of protein 
complexes with NUP98-HOXA10 and NUP98-
HOXD13 and increasing the affinity of Homeobox 
proteins to bind DNA (Palmqvist et al., 2006).  
Interestingly, HOXA9 also upregulates FLT3 
expression (Gwin et al., 2010).  
The co-expression of NUP98-HOXA9 complexes with 
Meis1 accelerates the transformation to acute myeloid 
leukemia (Kroon et al., 2001). HOXA9 and MEIS1 can 
repeal caspase-mediated apoptosis (Wermuth and 
Buchberg, 2005).  
MEIS1 overexpression is a poor prognosis marker in 
patients with leukemia (Diaz-Blanco et al., 2007).  
Down-modulation of MEIS1 by RNA interference 
produces a lower leukemic cell proliferation rate; this 
effect is more pronounced in K562 myeloid cell line 
than Jurkat lymphoblastic cell line. Interestingly, K562 
expresses more MEIS1 than Jurkat, possibly because 
the cells have trisomy 2, and MEIS1 locus in 2p14.  
Silenced-MEIS1 Jurkat cells exhibit increased survival 
after exposure to etoposide (Rosales-Aviña et al., 
2011). 
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MEIS1 is present from the earliest stages of hematopoiesis. HSCP: Hematopoietic Stem Cell Proliferative, HSC: Hematopoietic Stem 




Prostate cancer is related to failure of androgen 
receptor pathway; however, MEIS1 deregulation is also 
implicated. Paradoxically unlike leukemias, in prostate 
cancer the opposite occurs, elevated levels of Meis1 are 
highly associated with improved survival. In fact 
expression of Meis1 is higher in prostatic normal tissue 
than in prostate cancer tissue; this decreased expression 
plays a role in tumor initiation and progression. Not 
only decreased Meis1 is related to poor prognosis, los  
of other proteins TALE class (Meis2 and Pbx1) also 
impacts life span (Chen et al., 2012). 
Pancreas cancer 
Note 
Meis1 regulated the expression of mitochondrial genes 
by binding to the H-strand mitochondrial promoter 
region. In knocked down pancreatic cancer cells, 
decreases mitochondrial gene expression such as MT-
CO1, MT-CO2, MT-CO3 (mitochondrial-cytochrome c 
oxidase subunits 1, 2 and 3, respectively), ATP 
synthase 6, ATP synthase 8, and multiple NADH-
ubiquinone oxidoreductase chains. These findings have 
not been observed with low levels of other proteins 
TALE-class like PBX1 or PBX2 (Tomoeda et al., 
2011). 
Endometrial and ovarian cancer 
Note 
MEIS1 is highly expressed in endometrial and ovarian 
carcinomas. It has been demonstrated that in the normal 
endometrium this protein is expressed in early 
proliferative glandular epithelium, and after exposure 
of the ovarian surface epithelium cell line MCV152 to 
follicle-stimulating hormone (FSH) MEIS1 expression 
is elevated; the overexpression increases cellular 
proliferation (Ji et al., 2004; Sarno et al., 2005).  
Apparently MEIS1 expression is associated with 
resistance to cisplatin, a first-line chemotherapeutic 
agent (Crijns et al., 2007). 
Restless legs syndrome 
Note 
The presence of the rs2300478 polymorphism in 
MEIS1 has been associated with high susceptibility to 
Restless Legs Syndrome (RLS) (Winkelmann et al., 
2007), an autosomal dominant disorder characterized 
by irresistible desire to move the legs, presence of 
paresthesias and dysesthesias, decreased iron contet in 
the substantia nigra, and abnormal levels of ferritin and 
transferrin in cerebrospinal fluid. Samples of 
lymphoblastic cells and cerebral tissue of RLS patients 
reveals subexpression of MEIS1 (Xiong et al., 2009). 
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